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A study was conducted to evaluate calcium and chitosan effects on storage life, 
anthracnose disease incidence, quality, physiological changes and enzymes activities of 
papaya. Mature green papaya fruits of colour index 2 were used for conducting the 
experiments. In the first experiment, papaya fruits were treated with different 
concentrations of chitosan, 0, 0.5, 0.75 and 1%, and stored at 13±1°C for 28 days. 
Chitosan concentrations 0.75 and 1% showed the best effect on extending storage life by 
26 and 28 days, respectively while maintaining the quality compared with 0.5% and 
control. However, there was no significant difference between 0.75 and 1% treatments. 
In the second experiment, calcium at different concentrations 1.5, 2.5 or 3.5% were 
applied as a postharvest treatment for papaya fruits using vacuum infiltration and dip 
application techniques. Calcium infiltration at 2.5% significantly extended the storage 
life up to 26 days and retained the quality better than other treatments. Since, chitosan 
with its coating ability to retard weight loss of fruits and antifungal property while 
 iii
calcium provides better fruit firmness, a study was conducted using calcium at different 
concentrations 1.5, 2.5 or 3.5% and chitosan at 0.75% or their combination. From the in 
vitro experiment, calcium at different concentrations had slight inhibition effects on C. 
gloeosporioides spore germination but did not show any significant effects on mycelial 
growth. Chitosan treatment significantly inhibited spore germination and mycelia 
growth compared to calcium treatments and their control. Calcium at 2.5 in combination 
with chitosan (0.75%) had significantly better effects on inhibition of spore germination 
and mycelial growth of C. gloeosporioides compared to calcium individual treatments. 
Anthracnose disease incidence (%) on papaya fruits was significantly controlled (5.6%) 
using calcium at 2.5% and chitosan compared with the other treatments. This combined 
treatment of 2.5% calcium with chitosan 0.75% extended the storage life up to 33 days 
while retaining the quality of fruits compared with the other treatments. To look at the 
effect of this combined treatment over different storage intervals, experiment has been 
conducted. The effectiveness of the treatments was assessed by evaluating their impacts 
on the quality characteristics during 35 days of storage period. Calcium 2.5% in 
combination with chitosan 0.75% treatment had better retention of fruits firmness, 
weight loss, retarding changes in color and preserving chemical characteristics during 
storage compared to the other treatments. Furthermore, experiment on the physiological 
and ultrastructures changes and enzyme activities during storage was conducted. The 
combined treatment of calcium 2.5% and chitosan 0.75% markedly reduced the 
respiration rate, ethylene production and maintaining the integrity of the waxy cuticle 
and epidermal cells. Polygalacutronase (PG) degrading enzyme activity was retarded 
and the induction of defense response of fruits against anthracnose disease was enhanced 
by eliciting peroxidase enzyme activities (POD).  
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Kajian ini dijalankan untuk menilai kesan kalsium dan chitosan terhadap jangkamasa 
penyimpanan, jangkitan penyakit antraknos, kualiti, perubahan fisiologi dan aktiviti 
enzim buah betik. Buah betik yang matang berwarna hijau berada pada indeks 2 
digunakan dalam kajian ini. Pada permulaan eksperimen ini, buah betik tersebut dirawat 
dengan kepekatan chitosan yang berbeza iaitu pada kepekatan 0, 0.5, 0.75 dan 1%. 
Kemudian disimpan pada suhu 13±1ºC selama 28 hari. Kepekatan chitosan pada 0.75 
dan 1% menunjukkan kesan yang paling baik terhadap pemanjangan jangkamasa 
penyimpanan dari 26 hingga 28 hari di samping mengekalkan kualiti buah tersebut 
berbanding dengan 0% (kawalan) dan 0.5% kepekatan chitosan. Walaubagaimanapun 
tidak terdapat sebarang perbezaan yang signifikan diantara rawatan 0.75 hingga 1% 
kepekatan chitosan. Eksperimen kedua yang dijalankan adalah untuk mengukur kadar 
kepekatan kalsium yang berbeza iaitu 1.5, 2.5, dan 3.5% yang merupakan salah satu 
proses rawatan lepastuai untuk buah betik dengan menggunakan kaedah penyerapan 
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vakum dan teknik rendaman. Kaedah penyerapan kalsium pada 2.5% signifikan 
memanjangkan jangkamasa penyimpanan hinggs ke 26 hari serta mengekalkan kualiti 
buah tersebut daripada menggunakan kaedah rawatan yang lain. Selain itu, chitosan juga 
mempunyai lapisan yang berkebolehan merencatkan kadar kehilangan berat buah dan 
antikulat manakala kalsium dapat mengekalkan kekerasan buah tersebut. Eksperimen  
yang menggunakan kepekatan kalsium yang berbeza iaitu 1.5, 2.5, 3.5 % dan 0.75% 
chitosan atau kepekatan yang berkombinasi dijalankan. Eksperimen in-vitro yang 
dijalankan menggunakan kadar kepekatan kalsium yang berbeza dapat menghalang 
percambahan spora C. gloesporioides tetapi tidak menunjukkan sebarang kesan yang 
signifikan pertumbuhan mycilial. Namun bagi rawatan menggunakan chitosan sigfikan 
dapat menghalang percambahan spora dan pertumbuhan mycilia berbanding 
menggunakan keadah rawatan kalsium dan kawalan. Kalsium pada kadar 2.5 dan 3.5% 
berkombinasi dengan chitosan (0.75%) dapat memberikan kesan yang signifikan bagi 
menghalang percambahan spora dan pertumbuhan mycilial C. gloesporioides 
berbanding menjalankan rawatan kalsium dan chitosan secara berasingan. Jangkitan 
penyakit antraknos (%) terhadap buah betik nyata sekali dapat dikawal (5.6%) 
menggunakan kalsium pada 2.5% dan chitosan berbandingan rawatan lain. Kombinasi 
rawatan 2.5 % kalsium dan 0.75 % chitosan dapat memanjangkan jangkamasa simpanan 
sehingga 33 hari dan mengekalkan kualiti buah berbanding rawatan lain. Eksperimen 
dijalankan bagi melihat kesan kombinasi rawatan terhadap perbezaan jangkamasa 
simpanan, keberkesanan rawatan dapat ditaksir dengan menilai kesan ke atas cirri-ciri 
kualiti sepanjang 35 hari tempoh penyimpanan. Kombinasi rawatan kalsium dan 
chitosan lebih baik dalam mengekalkan kekerasan buah, kehilangan berat, merencatkan 
perubahan warna dan ciri-ciri kimia pra tuai sepanjang penyimpanan berbanding dengan 
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rawatan yang lain. Tambahan pula, kajian terhadap fisiologi dan perubahan struktur ultra 
serta aktivti enzim sepanjang penyimpanan turut dijalankan. Kombinasi kaedah rawatan 
diantara kalsium dan chitosan merupakan kaedah yang terbaik bagi melambatkan kadar 
respirasi, penghasilan etilen dan mengekalkan kutikel lilin serta sel epidermis buah 
tersebut. Aktiviti penurunan enzim polygalacutronose (PG) adalah terencat dan 
meransang tindakbalas pertahanan terhadap serangan jangkitan penyakit antraknos dapat 
ditingkatkan dengan mendapatkan aktiviti enzim peroxidase (POD) semasa 
menggunakan kombinasi rawatan berbanding rawatan yang lain.   
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CHAPTER 1 
 
INTRODUCTION 
 
Papaya (Carica papaya) is an important fruit crop grown widely in tropical and 
subtropical lowland regions (Gebhardt and Thomas, 2002). Papaya is one of the 
promising tropical fruits traded in the world market. Malaysia, as one of the major 
exporters of papaya accounted for USD 22.5 million in 2004. Malaysia currently is the 
second most important exporter of papaya in the world after Mexico (Rabu and Mat., 
2005). However, an impediment to the expansion of the papaya fruit industry is the 
short postharvest life, susceptibility to postharvest diseases, chilling injury caused by 
storage at low temperature and high shipment cost. 
 
Worldwide postharvest losses have been estimated at 50% much of which is due to 
fungal and bacterial infection (El Ghaouth et al., 1997). Among the postharvest 
pathogens, fungal diseases are, in fact, one of the major causes of fruit decay as they 
account for 80-90% of all losses in postharvest industry and to the consumer (Sommer, 
1985; Gullino, 1995). Papaya is vulnerable to a large number of diseases and pests with 
anthracnose being the cosmopolitan and devastating of them during storage (Kader, 
2002; Bautista-Banos et al., 2003; 2006). Due to the latency of the pathogen in early 
ontogeny of the fruits, the symptoms normally only become apparent during ripening 
(Snowdon, 1990).  
 
 2
Traditionally, anthracnose on papaya is controlled by fungicides such as prochloraz and 
propiconazole (Sepiah, 1993), hot water dipping at 43-49°C for 20 minutes, or dipping 
in hot water laced with fungicides (Couey et al., 1984). However, the hot water 
treatment can affect the fruit ripening and also cause heat injury (Paull, 1995). Other 
practice using fungicide over the long term may lead to the development of resistance 
(Spotts and Cervantes, 1986). In addition, the fungicide residues on the fruits may be 
toxic to the consumer (Ragsdale and Sisler, 1994). As such, the use of fungicides is 
under review all over the world. Storing the papaya at low temperatures can prolong 
shelf life, but sustained cold treatment results in chilling injury (Chen and Paull, 
1986; An and Paull, 1990). Therefore, low temperature cannot be used effectively to 
extend storage life as, for example, can be done for apples. Indeed, all the conventional 
storage processes currently in use pose problems. These problems have prompted a 
search for safer alternatives for disease management.  
 
On the other hand, increasing respiration, transpiration and ethylene production are 
major factors contributing to the deterioration of fresh fruits and vegetables as well as 
affect the storage life. The lowest possible reduction of these biochemical processes by 
storage technologies enable the postharvest life of fresh produce to be prolonged (De-Ell 
et al., 2003). Being papaya a climacteric fruit, characterized by the increase in 
respiration and ethylene production during ripening (Ali et al., 1994). There is an 
opportunity with climacteric fruit, however, to slow down ripening after harvest and, 
thus, extend the storage life while maintaining the quality for the fruits to be competitive 
in the market. This can be done with modified atmosphere packaging (MAP) or with 
controlled atmosphere (CA) storage (Abeles et al., 1992; De-Ell et al., 2003). However, 
 
